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The role of the cytoplasm in development has long been of interest to embryolo¬ 
gists. As early as 1898, Driesch described echinoderm hybrids as purely maternal 
and concluded that early development is determined by the egg cytoplasm. Conklin 
(1908) wrote that early development, which includes polarity, symmetry, type 
of cleavage, relative positions and proportions of future organs, is predetermined in 
the cytoplasm of the egg. Conklin pointed out that these differentiations arise 
during ovarian history as a result of the inter-action of the nucleus and the cyto¬ 
plasm. and thus both play a part in the predetermination of the cytoplasm. These 
conclusions were based by Conklin on his study of Ascidian eggs (1905) and 
Wilson's studies of Dentalium and Patella (1904). 

One approach to the question of the role of the cytoplasm in development has 
been the study of amphibian embryos obtained bv fertilizing, with foreign sperm, 
eggs whose maternal chromosomes have been inactivated or removed. P. Hertwig 
(1916) was one of the earliest workers in this field but it was Baltzer (1920) who 
initiated the great bulk of this work, using androgenetic Triturus hybrids. These 
developmental studies have demonstrated the major role of the nucleus in develop¬ 
ment but the part played by the cytoplasm has not been clarified. I believe that 
one reason for the failure to demonstrate the cytoplasmic role may be due to the 
fact that a comparison of reciprocal androgenetic hybrids and androgenetic controls 
has not been made. Differences in development which might appear in such a 
comparison may well be ascribed to the action of the cytoplasm. Suitable for 
such a study are the two morphologically and physiologically distinct species, Kami 
pipiens Schreber and Raua palnstris Le Conte. Moore (1941) has shown that 
reciprocal hybrids of these species develop normally and metamorphose, with the 
hybrids intermediate in appearance between the two species. 

The development of the reciprocal androgenetic hybrids between these two frog 
species will be described in this paper. Their development will he compared with 
each other and with their androgenetic controls, with the hope that some information 
mav he obtained on the role of the cytoplasm in early development. 

I wish to thank Professor L. G. Barth for his interest and guidance in this work. 

Materials and Methods 

Eggs and sperm of R. pipicus and R. palnstris were used in these experiments. 
The eggs were obtained by either pituitary induced ovulation or from females col- 

1 Submitted in partial fulfillment of the requirements for the degree of Doctor of Philosophy 
in the Faculty of Pure Science, Columbia University. 
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lectecl in the breeding season with the eggs in the oviducts. Sperm were obtained 
by cutting up the testes in a small quantity of spring water. Approximately 20 
minutes after fertilization the eggs were examined to see if the region where 
the second polar body comes off was visible. This region, which is called the 
“Keimpunkt” or “Eispek” by the German authors, is a very small, round, dark 
indentation on the surface of the animal pole and marks the position of the second 
maturation division spindle (Fig. 1), Using the method of Porter (1939), the 
maternal chromosomes were removed by inserting the tip of a sturdy glass needle 
under the Eispek and lifting the second maturation division spindle out in a small 
exovate. The eggs subsequently cleaved with only the paternal chromosomes. 
This method of removal of the maternal chromosomes is successful 97 per cent of 
the time. The removal of a small exovate does not injure the egg nor alter its 
later development. This was tested by removing a small amount of protoplasm 
a short distance from the Eispek. Xo effect on subsequent development was noted. 
At the early blastnla stage the androgenetic embryos, marked by the small exovate. 
were separated from the diploid embryos. Only blastulae in which the operation 



Figure I. The egg of Rana palustris 20 minutes after fertilization, showing the small, dark 

Eispek at the animal pole. 

had been well performed were maintained. Approximately equal numbers of 
diploid blastulae were kept as controls. The embryos were raised in a 12° C. 
cold room. 

The embryos were fixed in Smith’s fluid, sectioned at 10 micra, stained with 
the “Xuclealfarbnng” method of Feulgen, and counterstained with light green 
(Moore and Ryan, 1940). The sectioned embryos were studied and chromosomal 
counts made. To check on the interpretations, certain embryos were restained 
with a triple stain recommended by Dr. S. M. Rose. This consisted of picric acid 
to stain the yolk and endoderm, blan schwartz to stain cell walls and ectoderm, 
and Orange G to stain both cytoplasm and mesoderm. The stages used to describe 
the development of the embryos are those of Pollister and Moore (1937). 

In referring to individuals, the specific names will be shortened to pip and pal. 
The first name will indicate the egg, and the second name the sperm. If the 
maternal chromosomes were removed, the first name will be in parentheses, indicat¬ 
ing a haploid embryo. For example, pip pal means that a pipiens egg was 
fertilized by a palustris sperm, resulting in a diploid hybrid. In a (pip) pal embryo 
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the maternal pipiens chromosomes have been removed, resulting in an androgenetic 
embryo with palustris chromosomes in pipiens cytoplasm. 

In a study of androgenetic hybrid embryos, several controls are needed. These 
controls are the normal diploid embryos, the diploid hybrid embryos and the 
androgenetic embryos. In order to simplify the description of the experimental 
material, this material will be divided into two parts. The first part will be a 
description of those embryos in which the egg of R. pipiens was used, and the 
second part will deal with those embryos in which the egg of R. palustris was used. 

The Development of (ptp) pal Embryos and Their Controls 

In this experiment eggs obtained from one Vermont pipiens were used. Some 
of the eggs were fertilized by sperm from one Vermont pipiens. The remainder of 
the eggs were fertilized by the combined sperm of two palustris from Woods Hole, 
Mass. The Eispek was removed from some of the eggs. A total of 204 (pip) pal, 
112 (pip) pip, 145 pip pal and 40 pip pip embryos were made and studied. The 
results from this one large experiment were similar to preliminary experiments 
when four different pipiens females and five different palustris males were used. 

Since the diploid embryos pip pip and the diploid hybrids pip pal were perfectly 
normal, no description is needed of their development. However, the androgenetic 
control embryos (pip) pip develop abnormally and a brief description, based on 
my material, follows. Porter (1939) has described the development of androgenetic 
pipiens in detail. 

Androgenetic pipiens eggs cleave and gastrulate normally. Their development 
is delayed during gastrulation. A few embryos begin to cytolyze during the 
neural fold stage. At the time of closing neural folds many haploids have smaller 
neural folds than the diploids, and are retarded in development. W hen the diploid 
controls pip pip reach stage 19 (heart beat), the haploid (pip) pip are in stage IS 
(muscular contraction). When the diploid controls reach stage 20 (gill circula¬ 
tion), the haploids resemble a late stage IS. A few show heart beat and tiny 
gill projections, but the remainder show neither. All have very large pronephric 
swellings, wrinkled abdominal epidermis, deep stomadeal pit and a short, broad 
body (Figs. 2a and 2b). When the diploid controls reach stage 22 (perforated 
months and with the gills almost overgrown bv the operculum), the haploids have 
an open mouth and a small operculum growing over the tiny gill projections. Some 
of the haploids are very swollen and bloated in appearance, and some are collapsed 
and wrinkled. When the controls are in stage 23 (horny teeth and with the 
operculum completely covering the gills), most haploids show no further differentia¬ 
tion than described above. They are either swollen or collapsed and appear to be 
dying (Figs. 3a and 3b). 

The percentage of haploid survival is very high up to tailbud stage. After this 
stage many embrvos begin to die, and differentiation is retarded and incomplete, 
even though survival may continue for some time. 

From the foregoing description it is evident that haploid development is distinct 
from diploid development. Haploids are easily recognized by their characteristic 
development, which is retarded and abnormal to a varying degree. 

The development of the androgenetic hybrid embryos (pip) pal was markedly 
different from the control haploid pipiens development. The embryos were re- 
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tarded during gastrulation so that when the control pip pal embryos had reached 
an early yolk plug stage, these embryos still had a semicircular dorsal lip. When the 
(pip) pal embryos reached an early yolk plug stage, some of the yolk cells appeared 
vacuolated. A small normal yolk plug was formed in all, and up to this time 
no cytolysis had occurred. By the time the control hybrids were in an early neural 
fold stage, cytolysis of the haploid hybrids began. The (pip) pal formed a flat 



Figures 2a and 2b. Androgenetic pipiens embryos whose diploid controls are in stage 20. 
Figures 3a and 3b. Androgenetic pipiens embryos whose diploid controls are in stage 23. 
Figures 4a and 4b. Androgenetic pipiens .embryos showing the degree of variation in 
differentiation. Embryos a and'b are the same age and from the same experiment. 

Figure 5. The diploid pipiens control embryo, ior Figures 4a and 41). -v > 

Figure 6a. Elongated (pip) pal neural plate embryo. , , 

Figure 6b. A (pip) pal embryo showing the exposed gray cells of the neural plate region. 
Figure 7. Control embryos for the (pip) pal embryos figured in 6a and 6b. a, (pip) pip. 
b, pip pip. c, pip pal. 
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neural plate, and the embryo elongated slightly (Fig. 6a). In those embryos 
in which the yolk plug was still evident, the yolk plug cells had begun to cvtolyze. 
The wave of cytolvsis spread anteriorly, eventually involving the whole neural 
plate. In embryos in which the volk plug was a mere slit, a few loose cells appeared 
on the posterior edge of the neural plate, and again the wave of cvtolysis progressed 
anteriorly. When the vitelline membrane was removed from an embryo, these 
loose cells came off with it. This revealed the neural plate region as a mass of 
gray cells, the pigmented ectodermal cells having been sloughed off (Fig. 6b). 
These (pip) pal embryos can be compared with their controls in E'ig. 7. 

The (pip) pal embryos were still neural plate embryos when pip pal had closed 
neural folds. Only 20 (pip) pal survived until the pip pal had reached a tailbud 
stage. Of these, 3 were still neural plate embryos, 13 showed very slight neural 
folds and 4 were normal diploid embryos. No further differentiation of (pip) 
pal embryos occurred, and death followed shortly. This retardation and stoppage 
of development of (pip) pal embryos is shown in Table I. 

Table I 

A record of the stage of development of (pip)pal embryos and their controls on successive days 


Age in days 

The stage of development of 

(pip)pal 

(pip)pip 

pip pal 

pip pip 

5th day 

11 

1 1 -12 

12 

12 

6lh day 

12 

12 

12 

12-13 

7lh day 

12 

12-14 

13 

13-14 

8th day 

12-13 

13-16 

14-15 

15-16 

9th day 

13 

14-17 

14-16 

16-17 

10th day 

13-14 

16-17 

16-17 

17 


Seven (pip) pal embryos were sectioned, varying from a neural plate to a faint 
neural fold stage, the latter representing the maximum development. A descrip¬ 
tion of these embryos follows after a description of the normal picture in a diploid 
early neural fold embryo of R. pi pic ns. 

A normal embryo is diagrammed in Figure 8. The neural ectoderm is greatly 
thickened in the anterior and middle regions where it will give rise to brain and 
neural folds. The notochord in the anterior region is not differentiated. In pro¬ 
gressively more posterior sections it gradually becomes differentiated from the 
mesoderm until it is completely separated from all three layers. The mesoderm 
in the anterior region continues dorsally as chorda-mesoderm, and extends laterally 
and somewhat ventrally. Toward the posterior region the mesoderm is completely 
separated from the notochord and extends a short way laterally. The gut 
anteriorly has a large lumen which is not roofed by endoderm. Its lumen gradually 
becomes smaller and completely roofed hv endoderm fn the posterior region. A 
liver is present. There are very few cells in mitosis, and no pycnosis nor abnormal 
nuclei are apparent. 

The (pip) pal neural plate embryo is strikingly different. The following 
description of embryo (pip) pal No. 8, Figure 17, is typical. The neural ectoderm 
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Figure 8. Diagram of a diploid pipiens early neural fold embryo, showing an anterior section 
in a, a middle section in b, and a posterior section in c. 

is greatly thickened in the anterior and middle regions of the embryo. Pycnotic 
nuclei are present in the anterior neural ectoderm which gives rise to brain. In 
the most anterior region the pycnotic nuclei number about 20 per section. They 
decrease in number until, in approximately the region where brain and neural tube 
would join, none are present. In some of these nuclei the chromatin is clumped 
together. In others the center of the nucleus is faintly stained, and around the 
periphery is heavily stained chromatin. Still other nuclei are small, condensed 
and heavily stained. 

In the anterior region of the embryo the mesoderm is first distinguishable as a 
separate layer laterally. It continues dorsally where it fuses with the ectoderm and 
endoderm. There is no differentiation into chorda-mesoderm. Near the middle 
of the embryo the mesoderm is separate from the ectoderm and endoderm dorsally 
and extends laterally and somewhat ventrallv. Toward the posterior part of the 
embryo the mesoderm is a complete layer ventrallv as well as dorsally. No noto¬ 
chord is present here or anywhere thoroughout the whole embryo. 

The gut along its whole length has a very small lumen which is roofed with 
endoderm. No liver is present. Both the extent of the mesoderm and the roofing 
of the gut are characteristic of older diploid closed neural fold embryos, not of 
neural plate embryos. In contrast to a normal diploid neural plate embryo, many 


Table II 


A comparison of the developmental features of each sectioned (pip)pal embryo with a normal diploid 
neural plate embryo. The lengths of various organs are measured in micra from the anterior end of 

each embryo 


Embryo 

Total length 

Gut extends from 

Total length 
of gut 

Notochord 
extends from 

Liver extends 
from 

pip pip 

1730 

130-1510 

1390 

640-1420 

350-650 

(pip)pal Xo. 1 

1770 

380-1320 

950 

0 

0 

(pip)pal Xo. 2 

1890 

140-1510 

1380 

0 

0 

(pip)pal Xo. 3 

1840 

220-1640 

1430 

0 

0 

(pip)pal Xo. 4 

1740 

180-1470 

1300 

0 

0 

(pip)pal Xo. 6 

1700 

190-1360 

1180 

0 

0 

(pip)pal Xo. 7 

1840 

250-1720 

1480 

0 

0 

(pip)pal No. 8 

1710 

80-1500 

1430 

0 

0 
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cells of the ectoderm and mesoderm were in mitosis. Chromosomal counts showed 
all 7 embryos to be haploid, with 13 chromosomes. In Table II the developmental 
features of (pip) pal embryos are summarized and compared with a normal pipiens 
neural plate embryo. 

Embryo (pip) pal No. 6 differed from the other embryos sectioned in that 
the neural plate cells had cytolyzed. A cross section of this embryo is shown in 
Figure 18. The dorsal ectoderm is a mass of loose, spongy cells with poorly 
staining cytoplasm and with condensed, pycnotic nuclei. Many of the ectodermal 
cells have been sloughed off, as no surface coat is present at the outer surface of 
the loose cells. The whole length of the neural plate shows cytolyzing cells. From 
one-quarter to one-third of the way from the anterior end of the embryo, all of the 
dorsal ectodermal layer and possibly some of the underlying mesoderm is involved 
in this cytolysis. This is difficult to ascertain, as in this region mesoderm and 
ectoderm are difficult to separate dorsally. More posteriorly, only the. ectoderm is 
involved. Very few cells of this embryo were in mitosis. In Figure 17 the 
cytoplasm of the neural ectodermal cells is poorly stained and seems altered in 
character. This change may well presage the sloughing off of these cells as pictured 
in Figure 18. Embryo (pip) pal No. 1 also showed cytolysis of the dorsal ecto¬ 
dermal cells, but to a minor extent. 

From the foregoing description of (pip) pal embryos it is evident that gastrula- 
tion is accomplished, and the three germ layers are formed. Neither notochord 
nor liver differentiate. The embryos remain in an arrested abnormal neural 
plate stage. Pycnotic nuclei are present in the neural ectoderm which will give 
rise to brain. Mitotic activity ceases. The ectodermal cells at the dorsal edge 
of the blastopore round up and begin to slough off. This cytolysis of the ectodermal 
cells spreads anteriorly until the whole neural plate is involved, and the embryo 
then flies. 

The Development of (pal) pip Embryos and Their Controls 

In this cross, 3 experiments were performed at different times. In each ex¬ 
periment eggs were obtained from one palustris female and part of the eggs were 
fertilized by a palustris male and the remainder by a pipiens male. Thus three 
different palustris females, 4 palustris males (the combined sperm of two small 
males were used in one experiment) and 3 pipiens males were used. A total of 
304 (pal) pip embryos, 148 (pal) pal, 363 pal pip and 214 pal pal were made and 
studied. 

The diploid embryos pal pal and the diploid hybrids pal pip developed perfectly 
normally. The (pal) pal embryos were similar in their development to (pip) pip 
embryos. Figures 9 and 10 show haploid palustris tadpoles. They have short, 
broad tails, large swollen bellies, and microcephalic heads with optic vesicles, 
olfactory pits and suckers. The (pal) pal embryos differ from (pip) pip in that 
their survival to later stages (Table IV) and their degree of differentiation is 
low. Their maximum development is shown in Figure 10. Only 4 of the 148 
embryos survived until the control palustris diploids were in stage 21 (cornea 
transparent). In these (pal) pal the gills developed as a tiny, short filament, 
the stomadeum was a very small opening, and the heart was observed beating. 

1 he androger.etic hybrid embryos (pal) pip develop normally up to gastrula- 
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tion. From the beginning of gastrulation their development is retarded, abnormal 
and highly variable. The dorsal lip may remain as a crescent and a small neural 
plate may appear and two small tailbuds may project above the large yolk plug 
(Fig. 11). These embryos differentiate no further, though they may survive 
until their controls (pal) pal are in stage 18 and pal pip and pal pal in stage 19. 
In some embryos a large volk mass and short anterior projection are present 
(Fig. 12a). 

A few embryos formed dorsal and lateral lips of the blastopore, although no 
ventral lip was present. In these embryos invagination and overgrowth may occur 
to such an extent that only a tiny yolk plug is left. Low neural folds may form and 
close (Fig. 12b) and an anterior projection may develop upon which no morpho¬ 
logical head structures are discernible (Figs. 12c and 12d). The percentage of 



Figures 9a, 9b, 10a and 10b. Androgenetic palustris embryos. 

Figure 11 . Two (pal) pip No. 149 embryos showing abnormal gastrulation. 

Figures 12a and 12b. Two (pal) pip N T o. 184 embryos, b showing neural folds. 

Figures 12c and 1 2d. Two (pal) pip No. 273 embryos, showing anterior projection and 
short tail. 

Figures 13a and 13b. Two (pal) pip No. 184 embryos, showing maximum differentiation 
reached by any (pal) pip embryo. 
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Table III 

A record of the percentage of {pal)pip to reach various degrees of differentiation in the 

different experiments 



Original 

number 


Percentage of (pal)pip s 

showing 


Incomplete 

gastrulation 

Complete 

gastrulation 

Xeural 

plate 

Xeural 

folds 

Anterior 

projection 

Exp. 4 24 

34 

97.1 

0.0 

_ 

8.8 

0.0 

Exp. 4 19 

149 

98.6 

0.0 

57.2 

18.8 

4.5 

Exp. 5 2 

121 

88.2 

10.8 

66.7 

47.7 

12.6 

Total 

304 

92.6 

4.1 

61.4 

29.1 

7.0 


(pal) pip embryos to reach these various degrees of differentiation are shown in 
Table III. 

A few embryos gastrulated completely, but no differentiation of bead structures 
on the anterior projection occurred. Only two (pal) pip out of all 304 embryos 
showed greater differentiation (Figs. 13a and 13b). Optic vesicles and suckers 
are recognizable in one. The percentage of survival of (pal) pip embryos is lower 
than that of (pal) pal and no (pal) pip embryo survived longer than control 
stage 19 (Table IV). The retardation of development of these androgenetic 
hybrid embryos is marked and is summarized in Table V. 

Fifteen (pal) pip embryos were sectioned. Thirteen of these ranged in develop¬ 
ment from an early neural plate stage with a large yolk mass to a closed neural 


Table IV 


A comparison of the percentage of survival of (pal)pip embryos and their controls at various 

stages of development 



Original number 

Percentage of survival when the control pal pip were in 

Stage 13 

6th day 

Stage 17 

9th day 

Stage 18-19 

12th day 

(pal)pip 

304 

90.6 

31.2 

11.1 

(pal)pal 

148 

92.1 

40.9 

20.4 

pal pal 

214 

100.0 

99.6 

93.6 

pal pip 

363 

98.2 

95.0 

93.4 


Table V 

A comparison of the stages of development of pal pip and (pal)pip embryos 


pal pip 

9 

10 

11 

12 

14 15 

16 

17 

18-19 

(pal)pip 

9 

10 

10 

11 

11 with 

11 with 

11 with 

11 with anterior 






neural 

neural 

closed 

projection or 






plate 

folds 

neural 

closed blastopore 








folds 

with projection 
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fold stage with an anterior projection. Two were the embryos which have been 
described as the most advanced. The presence or absence of various organs and 
their lengths are recorded in Table VI, where they are also compared with data 
from normal pip pip embryos. In addition, each embryo has been graphically 
reconstructed in Figures 14, 15, and 16. Each embryo is identified by a number. 
Those with the same initial numbers, for example 250-1 and 250-2, are from the 
same experiment and fixed at the same time, so that they are of the same age. 


I I I I I 



length in micro 


Figure 14. Graphic reconstructions of 5. (pal) pip embryos and of a normal late stage 14 

pip pip embryo No. 168. 

though of various degrees of differentiation. Some of the sectioned embryos with 
the initial numbers 149 have been shown as whole embryos in Figure 1 3. 273 in 
Figures 12c, 12d and 184 in Figures 12a, b and 13a, b. 

The five least differentiated (pal) pip embryos are graphically reconstructed in 
Figure 14 and compared with a normal pip pip late stage 14 (neural folds) whose 
stage of development they most closely resemble. Their control pal pip embryos 
ranged in age from stage 14 for embryo 149 to stage 16 (closed neural folds) for 
embryos 250-1 and 250-2, to stage 19 (heart beat) for embryos 184-5 and 184—b 
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A large volk mass protruded dorsally in the posterior half of each embryo except 
250-2. 

The five (pal) pip embryos which survived until the control pal pip were in 
either stage 18 (muscular contraction) or stage 19 are graphically reconstructed 
in Figure 15, and compared with a normal pip pip early stage 16 embryo whose 
stage of development they most closely resemble. Each embryo had closed neural 
folds but a large yolk mass protruded dorsally in embryos 1S4-8C, 184-7B and 238. 


I I I 1 I I i 



length in micro 

Figure 15. Graphic reconstructions of 5 (pal) pip embryos and of a normal early stage 16 

pip pip embryo No. 166. 

The remaining five (pal) pip embryos also survived until the control pal pip 
embryos were in either stage 18 or stage 19, but showed greater differentiation. 
These embryos are graphically reconstructed in Figure 16 and compared with a 
normal pip pip stage 18 embryo, whose stage of development they most closely 
resemble. Anterior projections were present in embryos 184-2, 273 and 285-2. 
Embryos 184-6a and 184-9 were the most advanced (pal) pip embryos shown in 
Figures 13a and b. 
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A general description of the internal differentiation of (pal) pip, based on these 
fifteen sectioned embryos, will now follow. 

A neural plate with lateral ectodermal thickenings may differentiate, even 
though a large yolk plug may he present due to incomplete gastrulation (Fig. 14, 
embryos 184—5, 149). Neural folds may develop (Fig. 14, embryos 250-1, 250-2) 
but are very low, with the cells poorly oriented (Fig. 19), contrasting markedly 
with a normal closing neural fold embryo (Fig. 20). Where these neural folds 
close, differentiation into neuroid tissue may occur (Fig. 14, embryo 250-2; Fig. 
15, embryo 184—1). The term “neuroid tissue" is used to describe a mass of darker 


i i i 





i 



i t i 


i——i neuroid tissue 
rnza neural tissue 
i—7~i brain, neural *ube 

-optic vesicle 

i-1 notocherd 

-subnotochordal rod 

u~n gut 
r—n liver 



184-9 



NORMAL PIPIENS 
STAGE 18 
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length in micra 


Figure 16. Graphic reconstructions of 5 (pal) pip embryos and of a normal staije 18 pip 

pip embryo Xo. 613. 


staining, poorly differentiated ectodermal cells with scattered pigment throughout. 
Such neuroid tissue is shown in Figure 21 and can he compared with a normal 
neural tube in Figure 22. 

In some embryos not only is neuroid tissue present, but also neural tissue. 
The term “neural tissue” is used to define a group of ectodermal cells which are 
more or less delimited from the surrounding cells by a membrane, and may or may 
not show a neurocoel (Fig. 23). It is markedly different from a normal neural 
tube (Fig. 22). Both neuroid and neural tissue are present in varying amounts 
in the embryos (Figs. 14-16 and Table VI). 
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In those embryos in which an anterior projection is formed there is a small 
amount of neuroid tissue and a large amount of neural tissue (Fig. 16, embryos 
184-2, 273 and 285-2). The neural tissue may, at times, closely approximate a 
neural tube (Fig. 26) and in one such embryo (184-2) a neural tube was present 
for a short distance. This neural tube is thick and abnormal in appearance (Fig. 
27) when it is compared with a normal pipiens neural tube (Fig. 28). 

Xeural tissue, neural tube, brain and optic vesicles are present in the two most 
advanced embryos (Fig. 16, embryos 184—6a and 184—9). The brain and optic 
vesicles are very thick walled and abnormal in appearance (Fig. 29) as can be 
seen by a comparison with a normal embryo (Fig. 30). One of these embryos 
(184-9) had a thick walled hind brain and paired otic vesicles (Fig. 31) markedly 
different from those in a normal embryo (Fig. 32). Its neural tube was very 
abnormal posteriorly, appearing as a round vesicle with a single laver of cells 
(Fig. 33). 


Table VI 

A comparison of the lengths of organs found in each sectioned (pal)pip embryo with those of normal 
pip pip embryos. Length is in micro, c = control pal pip. st = stage of development 


(pal)pip 

embryo 

number 


Length of 

Total 

length 

Neural 

plate 

Neural 

folds 

Brain 

Neuroid and 
neural tissue 

Neural 

tube 

Notochord 

Sub noto¬ 
chordal 
rod 

Gut 

Liver 

184-5 
c-st 19 

1960 

80 





0 


570 

0 

149 

c-st 14 

1670 

830 





0 


890 

0 

250-1 
c-st 16 

1770 


790 




400 


1010 

0 

250-2 
c-st 16 

1670 




480 


240 


980 

0 

184-4 
c-st 19 

2120 




400 


0 


170 

0 

184-8c 
c-st 19 

2050 




530 


170 


500 

0 

184-7h 
c-st 19 

2010 




760 

470 


440 


480 

0 






940 






238 

c-st 19 

1970 




1070 


860 


1030 

0 

285 1 
c-18 

1970 

| 



1290 


270 


1240 

0 
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Table VI .—Continued 


(pal)pip 

embryo 

number 

Total 

length 

Length of 

Neural 

plate 

Neural 

folds 

Brain 

Neuroid and 
neural tissue 

Neural 

tube 

Notochord 

Subnoto¬ 

chordal 

rod 

Gut 

Liver 

184-1 
c-st 19 

2440 




580 


1130 


1310 

0 

184-2 
c-si 19 

2080 




780 


800 

A 

770 

800 

350 

1230 

0 

273 

c-st 18 

1810 




1430 


1070 

510 

1490 

0 

285-2 
c-st 18 

1970 




1290 


1120 

880 

1640 0 

184-6a 
c-st 19 

2440 



170 

1780 


1690 

1120 

1820 

0 

184-9 
c-st 19 

3290 



500 


2430 

2230 

0 

2350 

0 

pip pip 168 

si 14 

2050 


1700 




1380 


1680 

140 

pip pip 166 
st 16 

2250 



410 


1510 

1510 


1870 

290 

pip pip 613 
st 18 

3540 



570 

2730 

2730 

1240 

2610 

270 


A notochord was absent in the (pal) pip neural plate embryos and in one 
closed neural fold embryo (Fig. 14. embryo 184-4). The notochord was present 
in the remaining closed neural fold embryos but it was highly variable in length 
and bore no relationship to the length of the neuroid and neural tissue (Figs. 14 and 
15). In the most highly defferentiated (pal) pip embryos (Fig. 16) a well 
developed notochord and subnotochordal rod were present (Fig. 26). 

A gut with a small lumen was present in all embryos. No liver was present 
in any (pal) pip embryos. A mesodermal layer was absent in the most poorly 
differentiated embryo 184-5, but present in all the rest of the embryos of Figs. 
14 and 15 and embryo 285-2 of Fig. 16. The remaining embryos of Fig. 16 showed 
somites. A short pronephric duct was present in the most advanced embryo 
(18T-9). A heart was not present in any (pal) pip embryo. 

Chromosomal counts showed the following embryos to he haploid: 184—5, 
250—2 and 18-1—1 of Figure 14; 184-7B and 285—1 of Figure 15; 273 and 184—6a 
of Figure 16. The remaining 8 (pal) pip embryos were either mitotically inactive 
or with nuclei so faintly stained that chromosomal counts could not be made. They 
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are believed to be haploid as their differentiation was similar to other (pal) pip 
embryos in which chromosomal counts could be made. 

Pycnotic nuclei and loose cells were noted in some of the least differentiated 
and in some of the most highly differentiated embryos. Figure 24 shows such 
loose ectodermal and mesodermal cells which were scattered in a large fluid filled 
space about the notochord of embryo 184—1, Figure 15. The pycnotic nuclei (Fig. 
25) of these loose cells show either peripheral clumping of the chromatin or they 
are small, condensed and darkly staining. Pycnotic nuclei were present in ecto¬ 
dermal, mesodermal and endodermal cells (embryo 184-6a, Fig. 16). 

Oedema occurred in some of the less differentiated as well as in some of the most 
highly differentiated embryos. The oedematous spaces were within the ectoderm, 
between the ectoderm and endoderm, or between the ectoderm and mesoderm. 
One such large space is shown in Figure 33. 

From the foregoing description it is evident that even though gastrulatiou in 
(pal) pip embryos may be incomplete, a neural plate with lateral ectodermal 
thickenings is formed. A shallow neural groove and low neural folds with poorly 
oriented ectodermal cells is then formed. When the folds close, neuroid and 
neural tissue are formed. With more complete gastrulation, differentiation into a 
recognizable neural tube and even into brain may occur. A notochord develops. 
A gut but no liver is present. A mesodermal layer and even somites are present. 
Oedema may occur. Pycnosis may be associated with the breakdown of tissues. 

Discussion 

The discussion will he devoted to the consideration of haploidy in amphibians and 
of the results obtained by combining a haploid set of chromosomes of one species 
with the cytoplasm of a different species. 

The abnormal development of haploid parthenogenetic and androgenetic am¬ 
phibian embryos has been ascribed to the condition of haploidy per se or to the 
presence of unmasked lethal or' semi-lethal genes. It would seem logical that 
both factors play a role. A characteristic haploid syndrome may be present. 
Haploid tadpoles are usually small, with short bodies, broad tails, abnormal eyes, 
a poorly looped gut and oedema. The degree of differentiation is, however, 
highly variable. In a large group of (pip) pip embryos the degree of abnormality 
may vary from extreme to slight. Two such embryos are shown in Figures 4a and 


Plate I 

Figure 17. Section of embryo (pip) pal No. 8, 610 micra from anterior end, showing 
thickened neural ectoderm. 

Figure 18. Section of embryo (pip) pal No. 6, 920 micra from anterior end, showing 
cytolyzing neural plate cells. 

Figure 19. Section of embryo (pal) pip 250-1, 750 micra from anterior end, showing 
neural folds. 

Figure 20. Section of embryo pip pip 168, 530 micra from anterior end showing normal 
neural folds. 

Figure 21. Section of embryo (pal) pip 250-2, 1100 micra from anterior end, showing 
neuroid tissue. 

Figure 22. Section of embryo pip pip 166, 830 micra from anterior end, showing normal 
neural tube. 
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Plate i 
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b, which can be compared with their normal control in Figure 5. Such variations 
among haploid Triturus larvae have been described by Baltzer (1922), Baltzer 
and de Roche (1936) and Fankhauser (1930). These variations of development, 
superimposed on the haploid syndrome, are probably due to the different genetic 
constitution of each embryo. In the haploid condition recessive genes are unmasked. 
If any of these are embryonic lethals or semi-lethals, their effects will be observed in 
development. In haploid embryos in which the majority of the genes are of the 
normal type, it is possible that differentiation may go far and that even metamorpho¬ 
sis may be reached. This view is supported by the fact that Baltzer (1922) and 
Fankhauser (1938) described a metamorphosed haploid T. tacuiatus. With 
increasing numbers of semi-lethal and lethal genes, haploid differentiation would 
become poorer and death occur at earlier stages. Thus genetic differences would 
explain the variability of haploid development. 

As evidence against this hypothesis the viability of diploid parthenogenetic frogs 
(Parmenter, 1933) has been cited. If these diploids were produced by a doubling 
of the chromosomes at the first mitotic cleavage, completely homozygous individuals 
would result. Such individuals, homozygous for semi-lethals and lethals, should 
be in viable. As a matter of fact, only half of the few parthenogenetic diploids of 
Parmenter metamorphosed, the remainder dying at an early stage. Kawamura 
(1939) found that in a large number of diploid parthenogenetic frogs only 17 per 
cent metamorphosed, and even these showed slight irregularities. The remaining 
diploids were abnormal and his drawings of some of these diploids markedly 
resemble embryos with the haploid syndrome. Such results tend to support 
the hypothesis that unmasked recessive genes play a role in abnormal haploid 
development. Those embryos which have unmasked lethals and semi-lethals can 
not survive in either the haploid or diploid condition. 

In those parthenogenetic cases where diploidy is restored by the retention of two 
sets of maternal chromosomes through the suppression of a meiotic division, a 
certain degree of heterozygosity would result and such diploids might have normal 
viability. 

The injurious effect of haploidv varies from species to species in amphibia. 
In my experiments, haploid pipiens embryos live longer and differentiate further 
than haploid palustris embryos. Androgenetic T. tacuiatus have reached metamor¬ 
phosis (Baltzer, 1922), whereas androgenetic T. palmatus and alpcstris survive 
only until limb bud stages (Fankhauser, 1930; Baltzer and de Roche, 1936). 
Haploid R. csculcnta (Dalcq, 1932) usually form neurulae, and some develop tiny 


Plate II 

Figure 23. Section of embryo (pal) pip 285-1, 430 micra from anterior end, showing 
neural tissue. 

Figure 24. Section of embryo (pal) pip 184-1, 1600 micra from anterior end, showing 
loose cells in fluid filled space about notochord. 

Figure 25. Pycnotic nuclei present in the loose cells shown in Figure 24. 

Figure 26. Section of embryo (pal) pip 184-2, 960 micra from anterior end, showing neural 
tissue, notochord, and subnotochordal rod. 

Figure 27. Section of embryo (pal) pip 184-2, 890 micra from anterior end, showing 
neural tube. 

Figure 28. Section of embryo pip pip 613, 1270 micra from anterior end, showing normal 
neural tube. 
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gilF. Fankhauser (1937) and Kaylor (1940) found that in haploid T. pyrroyhaster 
approximately half of the embryos die as gastrulae but that others go on to a fore- 
limb bud stage. Stauffer (1945) found that androgenetic axolotl survive only as 
long as the gastrula and neurula stage. Griffiths (1941) showed that the majority 
of androgenetic T. viridescens embryos die as blastulae and gastrulae. but about 
10 per cent form neurulae. 

Death during late blastula and early gastrula stages is probably not due to 
haploidy but to abnormal chromosomal distributions and mitotic aberrations. 
Because of polyspermy in Triturus, a balanced set of chromosomes may not be 
present and Fankhauser (1934) has pointed out that such a balanced set appears 
to be needed for gastrulation and later development. Development to a late 
blastula or early gastrula stage appears to be under maternal cytoplasmic control, 
and further differentiation is under genic control. Boveri (1907 ) noted this 
in dispermic sea urchin eggs and Moore (1941) has discussed this concept in 
relation to frog hybrids. All of these findings corroborate the probability that 
the abnormal development of haploid embryos is partially a result of genic action. 

From the data presented it is evident that the results obtained bv combining 
a haploid set of palustris chromosomes with the cytoplasm of R. pi pirns are markedly 
different from those results when the palustris chromosomes are in their own 
cytoplasm. These (pip) pal embryos die at an earlier stage than (pal) pal or 
(pip) pip. Some process or processes in differentiation are either lacking or are 
unable to carry out their normal functions. For example, the absence of the 
differentiation of the neural tube may be explained embrvologically by several 
possibilities. (1). The organizer may be in a weakened condition, so that a 
neural tube can not he induced. (2). The organizer may be normal hut the neural 
ectoderm may be weakly competent and thus no neural tube is formed. (3). The 
organizer may be weak and the neural ectoderm poorly competent, therefore no 
neural tube is formed. A definite answer to these three possibilities can only be 
obtained by xenoplastic implants and transplants of the materials involved. 

Similarly, the results obtained by combining a haploid set of pipiens chromosomes 
with the cytoplasm of R. palustris are markedly different from those results when 
the pipiens chromosomes are in their own cytoplasm. These (pal) pip embryos 
differentiate much more abnormally than (pip) pip or (pal) pal. The neural 
ectoderm is particularly affected, as a recognizable brain and neural tube are 
rarely formed. Tn these embryos, as in (pip) pal, the competence of the neural ec¬ 
toderm may he lowered or the inductive capacity of the organizer may be weakened, 


Plate III 

Figure 29. Section of embryo (pal) pip 184-9, 210 micra from anterior end, showing 
brain and optic vesicles. 

Figure 30. Section of embryo pip pip 613, 420 micra from anterior end, showing normal 
brain and optic vesicles. 

Figure 31. Section of embryo (pal) pip 184-9, 740 micra from anterior end, showing 
otic vesicle. 

Figure 32. Section of embryo pip pip 613, 800 micra from anterior end, showing normal 
otic vesicles. 

Figure 33. Section of embryo (pal) pip 184-9, 2350 micra from anterior end, showing 
abnormal neural tube and large oedematous space. 
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Abbreviations 

br., brain 

op. v., optic vesicle 
ot. v., otic vesicle 
n’ch., notochord 


for Plates 

n. ect., neural ectoderm 
n’ral, neural tissue 
n’roid, neuroid tissue 
n.t., neural tube 
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resulting in abnormal development and earh death. Both lowered competence and 
weakened organizer together may play a role. In the (pal) pip neurulae a regional 
difference in the strength of the organizer may he present, in that the head organizer 
mav he very weak or even absent in most of the embryos. Differentiation of the 
anterior end of the gut is probably abnormal, since a liver diverticulum never 
develops. Implantation of the organizer and transplantation of the presumptive 
neural ectoderm of (pal) pip embryos to a foreign host would clarify the roles 
they play in the abnormal development of these embryos. 

From previous work on amphibian androgenetic hybrids it has long been 
known that when a haploid set of chromosomes from one species is combined with 
the cytoplasm of another species, the haploid development differs from that when 
the chromosomes and cytoplasm are of the same species. For example, Baltzer 
(1920) has shown that androgenetic T. tacuiatus embryos form larvae and even 
reach metamorphosis, but androgenetic hybrids between T. tacuiatus 2 X T. 
palmatus develop only as far as larvae with forelimbs. It is interesting to note 
that diploid hybrids between these two species are capable of metamorphosing. 

From the data presented it is evident that the androgenetic hybrids are alike 
in showing pycnosis. In (pip) pal embryos the pycnotic nuclei are confined to 
the neural ectoderm, a region which is initotically very active in these embryos. 
In (pal) pip embryos the pycnosis may ultimately involve all tissues but the 
notochord. The presence of pycnosis has often been described in androgenetic 
embryos of other amphibia, in androgenetic hybrids and in diploid hybrids. 
Stauffer (1945) found pycnosis in the blastula and gastrula cells of androgenetic 
white or black axololts. In the few embryos which formed neurulae he found 
pycnotic nuclei in the neural tube, brain and mesoderm. Curry (1936) found pycno¬ 
tic nuclei in the head mesenchyme of the neurulae of androgenetic hybrids between 
T. alpcstris females and T. cristatus males. He also described the brain lumen as 
being filled with degenerated cell material. The neural tube was without a lumen 
and it and the brain were poorly developed. This description of internal develop¬ 
ment is similar to that of (pal) pip development. Baltzer (1938) described pycnosis 
in the gastrulae of diploid hybrids between T. cristatus females and T. pal unit us 
males. Only a few of these hybrids develop as far as neurulae. 

From the foregoing it is apparent that pycnosis may be characteristic of tissues 
which are approaching death and have ceased differentiation and begun to disin¬ 
tegrate. It is a manifestation of abnormal processes which are going on in the 
embryos. Leuchtenberger (1950) has shown that definite chemical changes are 
occurring in the nucleus during pycnosis. These changes involve a progessive 
loss of protein with a depolymerization and progressive loss of the desoxyribose 
nucleic acid. Thus, during pycnosis, significant chemical changes are occurring 
in the nuclear material. 

From the data presented it is evident that not only do the androgenetic hybrids 
(pi]>) pal and (pal) pip differ from their androgenetic controls (pip) pip and 
(pal) pal, but that they also differ from each other. The haploid set of paternal 
chromosomes of either pipiens or palustris, when present in its own specific cyto¬ 
plasm. is capable of normal gastrulation, neurulation and the formation of tadpoles. 
If pipiens cytoplasm is substituted for palustris cytoplasm, the haploid set of palustris 
chromosomes is only capable of carrying differentiation to the neural plate stage. 
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Since the genes in (pip) pal embryos are similar to those in (pal) pal embryos, 
the difference in the development between (pip) pal and (pal) pal is probably 
due to differences between pipiens and palustris cytoplasm. In (pal) pal embryos 
the palustris cytoplasm is able to supply normal materials to the palustris genes 
for their synthesis. In addition the palustris genes have the palustris cytoplasm to 
act upon and utilize in differentiation. In the pipiens cytoplasm certain substrates 
may be the same as those in the palustris cytoplasm, even as certain of their genes 
are homologous, since the reciprocal diploid hybrids develop normally. (Homo¬ 
logous spotting genes have been shown to be present in pipiens and palustris bv 
Moore, 1943.) Other substrates in the pipiens cytoplasm may be species specific. 
Baltzer (1930) suggested from his studies of androgenetic hybrids that species 
specific substances existed in the cytoplasm. The palustris genes may not be 
able to utilize these species specific substrates, so that development ceases; or 
thev may be able to utilize these substrates in forming compounds which may then 
act as anti-metabolites (Woolley, 1947), resulting in abnormal development. Simi¬ 
larly, in the reverse cross (pal) pip, the pipiens genes may not be able to utilize 
certain of the palustris substrates, or these substrates may act as anti-metabolites 
when utilized, with resulting abnormal development. 

Since (pip) pal and (pal) pip embryos differ from each other in their develop¬ 
ment, different morphogenetic processes are probably upset. The uniformity of 
(pip) pal development suggests that a certain morphogenetic substance (or sub¬ 
stances), which may contribute to one early major developmental step, is lacking 
or abnormal. For example, such a substance might be involved in the conversion 
of chordamesoderm to notochord. In this case one might think that the palustris 
gene controlling this major developmental step is not able to work with the 
pipiens substrate to form the necessary materials. In the reverse cross, (pal) pip, 
the great variation in development may indicate that several different substances 
which contribute to different developmental steps may be lacking or abnormal. 
In this case one might say that several pipiens genes may he involved in a variety 
of developmental steps, but are unable to work with the palustris substrates, 
resulting in abnormal and variable development, since a larger number of different 
genes and substrates are involved. 

Differences between reciprocal androgenetic hybrids and their androgenetic 
controls have not been previously described and analyzed in detail. Baltzer (1933) 
has recarded differences between reciprocal androgenetic hybrids of 7. palmatits 
and T. alpcstris. Dalton (1946) noted differences between the reciprocal andro¬ 
genetic hybrids and androgenetic controls among 7. torosus, 7. c/ramtlosis and 7. 
rivulciris embryos but this work dealt primarily with the role cytoplasmic properties 
may play in transplanted androgenetic hybrid tissue. Dalton found that such 
transplanted tissue shows the influence of the cytoplasm in the number and dispersion 
of melanophores. Hadorn (1936) had earlier attempted to show cytoplasmic 
influence in transplanted androgenetic hybrid epidermis, hut with equivocal results. 

The results obtained in this study suggest that the abnormal development and 
death of haploid amphibian embryos is due to both haploidy per sc and to unmasked 
lethal and semi-lethal genes. In the development of androgenetic hybrids not 
only may these two factors be operative but, in addition, the cytoplasmic substrates 
may play a role. 
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Summary 

The development of androgenetic R. pipiens and R. pal list ris embryos has been 
briefly described. A detailed study of their androgenetic hybrids has been made. 

The (pip) pal embryos develop uniformly to an early neural fold stage, then 
differentiation ceases, the neural plate cells are sloughed off and the embryos die. 

The (pal) pip embryos develop uniformly until early gastrulae. Thereafter 
their development is highly variable. Gastrulation is usually incomplete, and a 
short neural plate may be formed. In a few embryos closure of the neural folds 
may occur and neuroid and neural tissue be formed. An occasional embryo is 
capable of slightly further differentiation, with an abnormal brain and neural tube, 
and optic and otic vesicles. 

The effects of haploidy and the results obtained by combining a haploid set of 
chromosomes of one species with the cytoplasm of a different species are discussed. 
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